Abstract. Recently, Earth System Models (ESMs) have begun to consider the marine ecosystem to reduce errors in climate 8 simulations. However, many models are unable to fully represent the ocean biology-induced climate feedback, which is due 9 in part to significant bias in the simulated biogeochemical properties. Therefore, we developed the Generic Ocean 10
Introduction 29
Over several decades, climate researchers have accumulated significant knowledge on atmosphere-land-ocean feedback 30 acclimation, and the division of various phytoplankton and zooplankton into functional groups (Hense et al., 2017) . 38
The following processes are generally considered the most important in ocean biogeochemistry models: the ocean 39 ecosystem cycle, including phytoplankton and zooplankton; the biogeochemical carbon cycle; and the biogeochemical cycle 40 of key nutrients (P, N, Fe, and Si) (Dunne et al., 2012b; Aumont et al., 2015). These three cycles are not independent and 41 include mutual material exchange through chemical mechanisms. There are still no accurate methodologies with which to 42 differentiate biogeochemical variables and to represent biogeochemical processes as formulas (Sauerland et al., 2018) . In 43 other words, biogeochemical processes are reproduced in the model via parameterization that adjusts the parameters of a 44 formula based on observations and some general parameters (e.g., maximum phytoplankton growth rate) that are adjusted 45 until the model produces reasonable results (Sauerland et al., 2018) . 46
Researchers have been using single-column models (SCMs) to control the parameterizations and increase their 47 6 the atmosphere-ocean surface flux. Therefore, we added processes for calculating the surface fluxes of O2, NO3, NH4, 154 alkalinity, lithogenic aluminosilicate, dissolved iron, and dissolved inorganic carbon. Of the subroutines shown in Fig. 1 ., the 155 calculation of the surface fluxes is implemented using generic_topaz_column_physics. The surface flux of NO3, NH4, 156 lithogenic aluminosilicate, and dissolved iron is prescribed using monthly average climate values, while alkalinity is 157 calculated from prescribed NO3 dry/wet deposition values. These surface flux data are provided by the Australian Research 158
Council's Centre of Excellence for Climate System Science (ARCCSS; http://climate-cms.unsw.wikispaces.net/Data). The 159 following equation was used to calculate the air-sea gas transfer for O2 and CO2 (dissolved inorganic carbon): 160
Here, F is the upward flux of gas A, and is its gas transfer velocity, which can be calculated as a function of the 164 Schmidt number and wind speed at 10 m (Wanninkhof, 1992 
Optical Feedback 176
As explained in Sect. 2, the photosynthesis of chlorophyll distributed throughout the upper ocean is known to have physical 177 effects. Manizza et al. (2005) used satellite observation data and OGCMs to conduct a study of changes in ocean irradiance 178 due to the absorption of visible light by chlorophyll. We used their methodology to apply the optical feedback from 179 chlorophyll on GOTM-TOPAZ in the following manner: 180
182
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In these equations, visible light was divided into red and blue/green bands in accordance with Manizza et al. (2005) . In Eq. 188 The East/Japan Sea is unique, with its steep topography and three large, deep, and semi-enclosed basins. Moreover, it is 212 somewhat isolated from other major oceans, connects to the Pacific Ocean through a narrow strait, and is sometimes referred 213 to as a miniature ocean since it contains a double gyre and experiences various oceanic phenomena (Ichiye, 1984) . The high-214 8 temperature, high-salinity Tsushima Warm Current (TWC) introduced through the Korea Strait is divided into two main 215 branches: the nearshore branch, which flows northeastward along the Japanese coast, and the East Korea Warm Current 216 (EKWC), which flows northward along the Korean coast (Uda, 1934; Tanioka, 1968; Moriyasu, 1972) (Fig. 2) . Apart from 217 these two main branches, there is another that exists offshore of the first branch, but it is not present all year (Shimomura and 218 Miyata, 1957; Kawabe, 1982) . To the north, the North Korea Cold Current (NKCC) flows southward along the Korean coast. 219
Furthermore, the 200-400 m East Sea Intermediate Water (ESIW) is known for its high concentration of dissolved oxygen 220 and the appearance of a salinity-minimum layer (Kim and Chung, 1984; Kim and Kim, 1999) . The East/Japan Sea is divided 221 into warm and cold regions relative to the 40° N parallel, and, since the current pattern and characteristics of the East/Japan 222 Sea vary spatially and seasonally, this region is very important to oceanographic studies. This region is also considered 223 which is located at its southeastern end; the influence of a strong southerly wind during the summer, which causes upwelling 226 off the coast of the East/Japan Sea; and the transport of this nutrient-and chlorophyll-rich seawater near Ulleungdo Island by 227 the EKWC. We selected three points that have features typical of the East/Japan Sea and for which observation data suitable 228 to use for verification exist ( may not be suitable for testing GOTM-TOPAZ, which is an SCM. However, since the results obtained using GOTM-232 TOPAZ were significant when compared to the observations, we think that this shows that it is possible to perform 233 sensitivity experiments using GOTM-TOPAZ at several kinds of locations. 234
The observed data, such as seawater temperature and salinity, were used to initialize and relax vertical structures in the 235 GOTM throughout the simulation. These data were provided by the National Institute of Fisheries Science (NIFS; 236 http://www.nifs.go.kr/kodc). The water temperature and salinity data from the NIFS were measured at 15-m intervals at 237 depths of 0 m to 500 m. They were measured once in February, April, June, August, October, and December every year 238 beginning in 1961. For the initial data on prognostic/diagnostic tracers in TOPAZ, we used the data provided by ARCCSS 239 for use with MOM5 (http://climate-cms.unsw.wikispaces.net/Data). These initial tracer data were interpolated for each 240 location, and a spin-up was applied over 14 years for use in the experiments. For atmospheric forcing data, we input 0. simulations of dissolved oxygen and nutrients such as nitrogen, phosphorus, and silicon were tested using observational data 249 from the NIFS; these data were measured once every year, in February, April, June, August, October, and December, at 250 depths of 0, 20, 50, and 100 m. Specific measurement dates and times were not fixed, so we viewed the measurement data as 251 values that represented each month and used them to verify the model. Data from a model that operated MOM5, the Sea-Ice 252
Simulator, and TOPAZ together (MOM) were used for comparative analysis. MOM was operated using CORE-II forcing 253 data (Large and Yeager, 2009) by GOTM-TOPAZ, showed a cold bias in the upper layer at a depth of around 120 m (Fig. 3a) . This appears to be the effect 264 of large-scale forcing (from the EKWC) that GOTM-TOPAZ could not resolve. Similar differences in water temperature 265 also appeared at points 104 and 102 ( Fig. 3b and 3c) . Observational results showed that the water temperature was 266 particularly affected by the ESIW, a finding that did not appear in the GOTM-TOPAZ results. It was determined that since 267 GOTM-TOPAZ could not reproduce advection from the ESIW, there were differences (warm bias) in the vertical water 268 temperature distributions near depths of 200 m compared to the observational results at all points (Fig. 3) . 269
We used SeaWiFS data to measure chlorophyll concentrations using light reflected from the ocean surface and thus 270 at point 107; their correlation coefficients versus the observational data were 0.53 and 0.60, respectively, which is 275 statistically significant (p < 0.001) (Fig. 4a) . At points 104 and 102, these correlation coefficients of GOTM-TOPAZ versus 276 the observational data were 0.25 (p < 0.01) (Fig. 4c) and 0.32 (p < 0.001) (Fig. 4e) , respectively. In the case in which the 277 maximum concentration of chlorophyll at all points occurred annually on the surface layer, GOTM-TOPAZ showed smaller 278 errors against the observational results than did MOM (Fig. 4a, 4c, and 4e) . (Fig. 4b, 4d and  281 4f). However, since observational data for chlorophyll in the subsurface layer (~20-80 m) were unavailable, the MOM and 282 GOTM-TOPAZ results were compared instead. There were slight differences in the scale of the minimum and maximum 283 concentrations of chlorophyll in the subsurface layer at point 107, but the two models had a correlation coefficient of 0.59 (p 284 < 0.01) and a similar seasonal variability (Fig. 4b) . At points 104 and 102, the GOTM-TOPAZ chlorophyll results had a 285 slightly lower correlation coefficient against the observational data than MOM did, but its seasonal variability was similar to 286 that of the observation data and the results from MOM (Fig. 4d and 4f) . However, when compared to the results from MOM, 287 the time series of the chlorophyll anomaly in the ocean surface and subsurface layers simulated by GOTM-TOPAZ appear to 288 show a time shift (Fig. 4) . In the TOPAZ module in MOM, the transport tendencies of each tracer were calculated in the 289 ocean model; however, this process was not carried out in GOTM-TOPAZ. In addition, MOM and GOTM-TOPAZ are not 290
only just different models of the marine physical environment; the atmospheric forcing data they each use are also different. 291
Therefore, there are complex reasons for the differences in the results of the two models, and further detailed experiments 292 and analysis are required. 293
We evaluated the performance of GOTM-TOPAZ in terms of simulations of dissolved oxygen, nitrogen, phosphorus, and 294 silicon. The sea surface dissolved oxygen at point 107 simulated by GOTM-TOPAZ and MOM had correlation coefficients 295 of 0.47 (p < 0.001) and 0.50 (p < 0.001), respectively, versus the observed data (Fig. 5a) . The GOTM-TOPAZ correlation 296 coefficient versus the observed data was 0.31 (p < 0.001) for nitrogen, 0.16 (p < 0.10) for phosphorus, and 0.19 (p < 0.05) 297 for silicon; these were lower than the correlation coefficients between MOM and the observed data (0.36, 0.24, and 0.33, 298 respectively; p < 0.001). However, GOTM-TOPAZ seemed to depict the seasonal variability of nutrients at the sea surface 299 well ( Fig. 5b-d) . At point 104, the GOTM-TOPAZ correlation coefficient was 0.37 (p < 0.001) for dissolved oxygen, 0.54 (p 300 < 0.001) for nitrogen, 0.2 (p < 0.05) for phosphorus, and 0.1 (statistically non-significant) for silicon (Fig. 6) . For point 102, 301 the GOTM-TOPAZ correlation coefficient was 0.59 (p < 0.001) for dissolved oxygen, 0.24 (p < 0.01) for nitrogen, 0.09 302 (statistically non-significant) for phosphorus, and 0.2 (p < 0.01) for silicon (Fig. 7) . In these two points, GOTM-TOPAZ 303 showed values for surface dissolved oxygen and nutrients with seasonal variabilities that were similar to those of the 304 observed data and the data from MOM (Figs. 6-7) . 305 actively during winter due to strong winds, and GOTM-TOPAZ simulated dissolved oxygen (surface to 250 m) and nitrogen 308 (surface to 100 m) concentrations well during that season (Figs. 8-10a ). However, for phosphorus and silicon at the same 309 depths, there was a difference between the GOTM-TOPAZ results and the observational data. In the case of all points, the 310 concentrations of nitrogen, phosphorus, and silicon simulated by GOTM-TOPAZ from the surface to 60 m decreased during 311 August, and these concentrations were clearly distinguishable from each depth due to strong stratification in the summer 312 (Figs. 8-10b ). These stratifications appeared in the observational data. During this season, the oxygen concentration 313 11 simulated by GOTM-TOPAZ, increased sharply from depths of 20-60 m at points 107, 104, and 102 (Figs. 8-10b ). This 314 seems to have been caused by the creation of oxygen from photosynthesis by phytoplankton. However, a highly concentrated 315 dissolved oxygen concentration is not apparent in the observational data, because the warm water, which is characterized by 316 low dissolved oxygen, is transported by the EKWC during the summer season (Rho et al., 2012) . The concentrations of 317 dissolved oxygen from 80-250 m at point 107 were similar in both the results from GOTM-TOPAZ and in the 10-year 318 observational data (Fig. 8c) . However, the differences increased beyond depths of 250 m. Nonetheless, the results 319 demonstrated that dissolved oxygen at 80-250 m, nitrogen, and phosphorus (but not silicon) are well simulated over 10 years 320 using GOTM-TOPAZ (Fig. 8c) . The vertical distributions of dissolved oxygen and nutrients at points 104 and 102 as 321 simulated by GOTM-TOPAZ over the same time period also showed similar patterns as those at point 107 (Figs. 9-10) . 322
In addition, the magnitudes of the source and sink terms of GOTM-TOPAZ were analyzed. When TOPAZ was 323 implemented three-dimensionally by being coupled with MOM, the concentration of tracers was calculated through 324 advection-diffusion processes as well as source/sink processes. On the other hand, in the case of GOTM-TOPAZ, which is 325 an SCM, it determined the tendency of state variables through vertical diffusion and source and sink terms without 326 considering advection and horizontal diffusion. At every point, the bias of dissolved oxygen seemed to be larger in summer 327 than in winter, where the vertical diffusion is stronger. Since there was a bias also in the deep sea (< 250 m), we focused on 328 source and sink terms rather than on vertical diffusion. Figures 11-13 show 10-year average source and sink terms 2008) of nutrients (nitrate, phosphate, silicate) and dissolved oxygen. The production of dissolved oxygen is attributable to 330 nitrate, ammonia, and nitrogen fixation, while its loss occurs in the production of NH4 from non-sinking particles, sinking 331 particles, and dissolved organic matter and nitrification. The production of nitrate is caused by nitrification, and its loss is 332 determined by denitrification and uptake by phytoplankton. In the phosphate and silicate, the production is attributable to 333 dissolved organic matter and particles, and the loss is determined by uptake due to phytoplankton (Dunne et al., 2012b). 334
As shown in Figures 11-13 , the source and sink of dissolved oxygen and nutrients occurred mainly in the surface layer (< 335 60 m), and their influence seemed to be negligible at deeper depths. The source of dissolved oxygen was remarkable in the 336 surface layer during summer, because phytoplankton flourishes in summer. This pattern was commonly observed at all three 337 points. The surface layer of point 102, which is the southernmost point, showed more production (consumption) of dissolved 338 oxygen (nutrients) than did the other points in winter. Being located at the southernmost location, point 102 was greatly 339 affected by the warm current (EKWC), which resulted in flourishing phytoplankton. However, even at this point, the source 340 and sink of both the dissolved oxygen and nutrients made few contributions at 250 m or deeper. 341 Accordingly, it could be inferred that the simulation of biogeochemical variables in the deep sea (< 250 m) would be more 342 affected by initial values than by source/sink. In order to verify this assumption, the model was simulated by setting the 343 initial data as the observations. The results indicated that the bias of dissolved oxygen was significantly reduced in the deep 344 sea (Fig. 14) . This result indicates that tracers simulated by GOTM-TOPAZ greatly depend on source/sink processes in the 345 surface layer (< 60 m) and are sensitive to initial values in the deep sea.
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Finally, to verify the air-sea gas exchange simulated by GOTM-TOPAZ, we compared the monthly average sea surface 347 CO2 concentrations in the model and in SOCAT. The correlation coefficient between the sea surface CO2 concentration 348 simulated by GOTM-TOPAZ and the observational data was 0.94 (Fig. 15) . However, there were no more than six months 349 for which the observational values existed at all points; therefore, this is a statistically insignificant value. 350
351

Discussion 352
In this paper, we explain the major models that comprise GOTM-TOPAZ and the biological-physical feedback loop that they 353
reproduce. In addition, we compiled data from three points of scientific importance in the East/Japan Sea, near the Korean 354
Peninsula and analyzed the results of operating GOTM-TOPAZ for a decade (~1999-2008) . We compared ocean water 355 temperatures, salinity, and biogeochemical variables such as chlorophyll, dissolved oxygen, nitrogen, phosphorus, and 356 silicon concentrations against the observational data and output from the OGCM to evaluate the performance of GOTM-357 TOPAZ. The results showed that GOTM-TOPAZ had lower correlation coefficients than did OGCM but that it simulated 358 seasonal variability in a similar manner overall. In addition, we analyzed the magnitudes of the source/sink terms for 359 dissolved oxygen and nutrients, which were simulated by GOTM-TOPAZ. This analysis revealed the characteristics of the 360 model and the cause of the bias, which was shown in the vertical profile of dissolved oxygen. Consequently, GOTM-TOPAZ 361 is mainly affected by source/sink terms in the surface layer (< 60 m) and is sensitive to initial values in the deep sea (> 250 362 m). Future users of GOTM-TOPAZ need to consider such characteristics when designing an experiment. 363
The SCM (1D model) includes important physical processes and has a much lower computation cost than do the 3D 364 models; this means that a variety of experiments can be performed repeatedly. With this advantage, 1D models can be useful 365 to track mechanisms that are difficult to understand using 3D models. We believe that TOPAZ, in particular, can be used to 366 obtain insights on the interactions between the chemical makeup and organisms in the ocean because it accounts for complex 367 biogeochemical mechanisms. In addition, the key processes which are studied via TOPAZ can later be implemented into 3D 368 models. 369
A variety of single-column ocean biogeochemical models have already been developed. However, GOTM-TOPAZ 370 includes complex biogeochemical processes and models over 30 kinds of tracers; the other models, which have only simple 371 structures, do not (Dunne et al., 2012b). Furthermore, GOTM-TOPAZ considers the gas transfer caused by changes in the 372 atmosphere and the physical environment of the ocean, depicting the deposition of dissolved iron, lithogenic aluminosilicate, 373 NH4, and NO3 due to aerosols. We believe that the sophistication of TOPAZ provides researchers with the opportunity to 374 perform a variety of experiments. 375
For example, aerosol concentrations are continuously increasing over the East Asia region and are known to affect 376 precipitation and atmospheric circulation. Thus, there is a possibility that aerosols affect oceanic biogeochemical processes 377 as deposition occurs into the ocean, and this cannot be ignored. A variety of numerical experiments are necessary to 378 13 understand this process, but they are difficult to perform using 3D models due to limitations in computing resources. 379
However, as previously noted, GOTM-TOPAZ is fast; as such, it is useful for understanding the biogeochemical changes 380 that occur in the ocean when the concentration of aerosols or CO2 in the atmosphere changes. In addition, recent studies have 381 reported that the distribution of fisheries is changing due to changes in phytoplankton size structure caused by the upwelling 382 intensity on the coast of the East/Japan Sea (Shin et al., 2017) . The TOPAZ phytoplankton are divided into two types 383 depending on their size, which should prove to be useful in this type of future research. 384
In addition, GOTM-TOPAZ can be used in studies on feedback mechanisms in the biogeochemical and physical 385 environment of the ocean. Sonntag and Hense (2011) 
